Objectives-Chondroitin sulphate is the major sulphated glycosaminoglycan present in the extracellular matrix of soft connective tissues and the aim of this study was to investigate the distribution of chondroitin sulphate species in normal and diseased synovium. Methods-Distribution of chondroitin-4-sulphate/dermatan sulphate (Ch4S/DS) and chondroitin-6-sulphate in normal (n = 6), osteoarthritic (n = 4) and rheumatoid (n = 10) synovium was determined using an immunoperoxidase technique and specific monoclonal antibodies to chondroitinase ABC-digested preparations.
Objectives-Chondroitin sulphate is the major sulphated glycosaminoglycan present in the extracellular matrix of soft connective tissues and the aim of this study was to investigate the distribution of chondroitin sulphate species in normal and diseased synovium. Methods-Distribution of chondroitin-4-sulphate/dermatan sulphate (Ch4S/DS) and chondroitin-6-sulphate in normal (n = 6), osteoarthritic (n = 4) and rheumatoid (n = 10) synovium was determined using an immunoperoxidase technique and specific monoclonal antibodies to chondroitinase ABC-digested preparations.
Results-Ch4SIDS was expressed throughout the interstitium of all tissues and was also present on blood vessels in rheumatoid samples only. Ch6S was expressed in the lining layer of normal synovium but was absent from this site in osteoarthritic and rheumatoid tissues. Ch6S was also present on all blood vessels in all tissues.
Conclusions-The distinct zonal distributions of Ch4S/DS and Ch6S and their alteration in disease suggest these molecules have different and specific functions in normal and diseased synovium. In most normal synovia, Ch4S/DS was distributed homogeneously throughout the interstitial matrix of the deep tissue and of the lining layer ( fig 1A) . However, in one tissue with a densely cellular lining layer, Ch4S/DS staining was reduced in this layer but increased in a band immediately deep to it. In RA synovium (fig iB) , lining layer Ch4S/DS was consistently reduced compared with deeper layers. Ch4S/DS localised to collagen showed the fibrous elements of the interstitial matrix, both superficial and deep, to be of variable thickness, widely separated and orientated in all directions in contrast to the compact, regular, parallel pattern of normal tissue. In OA synovium (not shown), Ch4S/DS was homogeneously distributed throughout the superficial and deep matrix.
Ch4S/DS was absent from blood vessel intima and media in normal and OA synovium but most vessels showed a faint condensation of Ch4S/DS in the adventitia. In RA synovium many vessels of a variety of sizes showed Ch4S/ DS on the luminal aspect and in some cases throughout the vessel wall.
2 CHONDROITIN-6-SULPHATE PROTXEOGLYCAN In normal synovium staining for Ch6S was largely concentrated in a band at the tissue surface and the deep interstitial matrix showed only a uniformly distributed faint fibrillar blush. Where the lining layer was sparsely cellular, Ch6S was conspicuous as a dense narrow band at the tissue margin (fig 2A) . With increasing cellularity, Ch6S appeared as a wider, less clearly demarcated band enveloping the synovial lining cells. In RA ( fig 2B) and OA (not shown) synovium, the bulk of the deep interstitial matrix was negative for Ch6S but there were scattered patches of faint staining. Ch6S was also uniformly absent from the lining layer in both RA and OA, in marked contrast to normal tissue.
Ch6S was seen on blood vessels in normal synovium as a dense narrow band underlying endothelium together with, in larger vessels, a diffuse band outlining the smooth muscle cells of the tunica media. The distribution of Ch6S on blood vessels in RA and OA synovium was similar.
Serial sections stained with haematoxylin and eosin showed the cellular architecture of normal ( fig 3A) and RA (fig 3B) 
Discussion
Ch4S/DS and Ch6S are struc other than in the position of the but this study shows the tN sulphate species to be localis different areas of synovial tissue distribution of each differs considerably from that recently reported for hyaluronan,9 which differs structurally from unsulphated chondroitin only in the position of a hydroxyl group.
The most widely distributed chondroitin sulphate proteoglycans are decorin and biglycan which together constitute 950/o of the proteoglycans in connective tissue matrix."5 Decorin and biglycan codistribute throughout normal and RA synovial matrix and are generally absent from blood vessels.'6 Clearly, Ch4S/DS may be present on and restricted to one or both of these proteoglycans in normal ibution in normal tissue but in RA tissue, blood vessels express benzidine, bar a distinct Ch4S/DS-bearing proteoglycan. the interstitial Ch6S may be present in the normal lining layer synovium, Ch4S/ rouselementsof the as decorin or biglycan or both but a distinct
Ch6S-bearing proteoglycan is clearly present on blood vessels in both normal and diseased tissue.
The preferential distribution of interstitial Ch6S to the synovial lining layer and its disappearance from this site in disease is intriguing. The normal synovial lining cell population comprises fibroblast-like cells with a variable minority of macrophages and it seems likely that the Ch6S seen at this site is synthesised by the fibroblastic cells. This suggestion is supported by the finding of high levels of activity in these cells of uridinê .k; diphosphoglucose dehydrogenase (UDPGD), f which generates glucuronic acid for incorporation into chondroitin sulphate and hyaluronan.'7 (Hyaluronan is also preferen-,nd rheumatoid (B) tially distributed to the lining layer, although in 100 ,um). Ch6S is a much wider and less well-demarcated band9). repository for such molecules in tissue. The hout previous presence of growth factors bound to Ch6S in se showed no the matrix surrounding the synovial cells may be required for optimal functioning of these active cells. Thirdly, the superficial matrix may be specialised to allow the easy passage of hyaluronan from the immediate vicinity of the :turally identical lining cells, where it appears to be synthesised, -sulphate group towards and into the synovial cavity. The wo chondroitin collagen content of the superficial matrix ,ed in distinctly differs from the deep matrix both in amount e. Moreover, the and type; there is less collagen present and the predominant species appear to be type IV22 and type VI whereas types I and III predominate in the deeper zones. 23 The resultant fine collagen network could provide the minimum support necessary to maintain integrity while rendering the matrix loose and open. Ch6S in the intimal layer may serve to saturate GAG binding sites on the matrix structural elements, so preventing hyaluronan from binding and allowing its unimpeded passage to the tissue surface.
Staining for Ch6S, which is present in basement membranes,5 particularly those of endothelial and vascular smooth muscle cells, identified all blood vessels and individual vessel staining was present in the expected distribution in both normal and diseased tissues. This suggests that Ch6S content of basement membrane remains unaltered in RA despite evidence for increased vascular permeability.
Ch4S/DS is clearly the major chondroitin sulphate species of the deep interstitium, being densely distributed throughout the matrix in both normal and diseased tissue. Ch4S/DS proteoglycan binds collagen,24 and its uniform presence on the matrix fibrous elements showed the ordered array present in normal tissue and also illustrated graphically the disruption of matrix architecture found in RA. No major zonal variation was found.
Ch4S/DS is known to be expressed on the luminal surface of high endothelial venules where it is thought to play a role in lymphocyte adhesion before movement through the vessel wall.6 High endothelial venules are present in RA synovium25 and the numerous Ch4S/DSpositive blood vessels in RA synovium found in this study may represent high endothelial venules.
Although it is possible to hypothesise on the role of each chondroitin sulphate species in its peculiar location, there is insufficient knowledge of the biological significance of their minor structural differences to allow an understanding of why one species rather than the other should be better suited to a particlar role. Nevertheless, the striking zonal distributions of Ch4S/DS and Ch6S in synovium and their differential alteration in disease constitute further strong evidence in favour of functional specialisation by these matrix molecules.
